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© Stereoscopic display system. 



© A color stereoscopic display system utilizes ma- 
trix displays (14, 12), polarized beam combining 
means (26), and polarization transformation 
waveplates (30, 38) to present differently, circularly 



polarized left and right images, respectively, in 
three-dimensional color to an observer wearing cir- 
cularly polarized glasses (48, 50). 
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The invention pertains to stereoscopic matrix 
displays, particularly to color matrix display non- 
field-sequential stereoscopic display systems. 

BACKGROUND OF THE INVENTION 

Stereoscopic displays, even color displays, 
have been in the related art for some time. Some 
systems involve cathode-ray tube (CRT) based, 
field-sequential stereoscopic display systems. Ex- 
isting CRT-based field-sequential systems, which 
utilize cross-polarization, havo inter-ocular cross 
talk which is duo to timing and sychronization prob- 
lems. Horizontal offset in raster CRT or other based 
systems is typically limited by constraints on hori- 
zontal addressability imposed by the effective hori- 
zontal resolution of the CRT. Small vertical offsets 
are inherent in field-sequential stereoscopic display 
systems due to the fact that the left and right eye 
views are presented on alternating, inter-laced 
fields. 

SUMMARY OF THE INVENTION 

The invention as described in the independent 
claims may utilize color matrix displays. Each dis- 
play provides the full frame of the right eye and left 
eye views, in other words, the displays are not 
field-sequential. The images are optically combined 
in an elegant manner to be projected to the viewer 
as right and left circular polarized images com- 
bined as one. The viewer can see full-color stereo- 
scopic images with a set of simple, inexpensive 
circularly polarized glasses. Because the system is 
not field-sequential, it does not have to be time- 
multiplexed. The circularly polarized left and right 
eye images are simultaneously presented to each 
eye with the full resolution the displays would have 
in full-frame nonstereo operation. Preferred em- 
bodiments and details of the invention are de- 
scribed in the dependent claims. 

The present invention's combining of the two 
matrix display images enable the use of gray scale 
techniques without the problems caused by cor- 
relations between the gray scales and direct off- 
axis viewing of the matrix display panels. A gray 
scale may be used in the present system to anti- 
alias the images on each of the two panels and 
provide a level of subpixel addressability which can 
enable very fine-grained and precise positioning of 
the disparate points within the two eye images 
relative to each other. Since human stereoscopic 
acuity is hyperacute (i.e., on the order of five arc 
seconds), the extremely fine horizontal offsets be- 
tween the left-eye image points and the right-eye 
image points which can be provided by subpixel 
addressability, may be used to greatly enhance 
stereoscopic visual performance. It is addressability 



which performs this function and such stereoscopic 
enhancement is not directly dependent on the res- 
olution of the matrix display panels. 

The present invention virtually eliminates verti- 
5 cal offsets between the left eye and right eye 
images because of the lack of alternating inter- 
laced fields. 

The present system may utilize flexible, ad- 
vanced display processor techniques. For instance, 
10 a separate processor may be allocated to simulta- 
neously generate the images for each eye in par- 
allel. The invention takes advantage of the inherent 
linear polarization of matrix displays and combines 
the images into one, but each view having a par- 

75 ticular circular polarization. Viewing stereoscopic 
images which utilize circular polarization allows one 
to rotate the head without suddenly loosing the 
stereoscopic effect, and reduces light aberrations 
that appear with linear polarization viewing systems 

20 in places such as aircraft cockpits. 

For viewing images with the invention, the field 
lens implementation or the projection approach 
may be used. With the field lens implementation, 
the observer views a stereoscopic virtual image. 

25 There are two advantages of this implementation. 
First, the system is then relatively immune to dif- 
fuse and specular reflections arising from sources 
of ambient illumination in the viewing environment. 
Second, a stereoscopic virtual image illuminates 

30 the perception of a fixed image plane (i.e.. the 
display surface) and a fixed reference for a visual 
accommodation and binocular vergence and results 
in enhanced depth perception and stereoscopic 
display performance. 

35 For the projection approach in the present sys- 

tem, the stereoscopic display allows flexibility in 
the synthesis of a multi-color image. It is possible 
to separate color image components such as the 
short-wavelength image components (which contri- 

40 bute little or nothing to human spatial resolution or 
to the processing of stereoscopic visual informa- 
tion) and to present them at a much lower resolu- 
tion than the medium (green) and long (red) 
wavelength components. This provides for higher 

45 resolution matrix displays which require only red 
and green pixels, separately and respectively, for 
the two primary image sources, while utilizing a 
single, much lower resolution monochromatic blue 
panel as a common color rendering source for both 

so eye views (see earlier EP 91 116 307.9). 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 shows the basic configuration for a 
55 stereoscopic display system utiliz- 

ing dual matrix display image sour- 
ces. 

Figure 2 reveals an alternate configuration of 
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the stereoscopic display system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Figure 1 illustrates the basic concept of system 
10. The left-eye images are presented by a 1024 x 
1024 element color liquid crystal matrix display 12. 
Likewise, the right eye images are presented by a 
1024 x 1024 color liquid crystal matrix display 14. 
Displays 12 and 14 have back light units 16 and 
18, respectively. The left and right images are 
provided to matrix displays 12 and 14, respectively, 
from left image processor 20 and right image pro- 
cessor 22. Processors 20 and 22 have great flexi- 
bility when generating left and right images. The 
images may be conversions of analog signals con- 
veying the left and right images from a camera or 
video storage device, or may modify incoming im- 
ages thereby providing special effects. Also, the 
processors 20 and 22 may generate images of 
various sorts intended to accomplish certain objec- 
tives for the viewer. 

The components and functional aspects of sys- 
tem 10 are described in the following. Structurally, 
an example layout would be like that of Figure 1 
where displays 12 and 14 are positioned ortho- 
gonal to each other and having a combiner 26 at a 
45 degree angle and extending from a comer 
where the displays 12 and 14 are closest to each 
other. Light beam 24 from left image matrix display 
12 has a linear polarization of a first (e.g., vertical) 
orientation which impinges polarized beam com- 
biner 26 and is reflected by combiner 26 as beam 
28 with the same polarization and orientation as 
beam 24. Beam 28 enters quarterwave plate 30 
and exits plate 30 as beam 32 having a first (e.g., 
left) circular polarization. Light beam 34 exits right 
image matrix display 14, having the linear'polariza- 
tion of a first orientation, like that of light beam 24. 
Light beam 34 passes through half wave plate 38 
and becomes light beam 36 having a linear po- 
larization of a second orientation (i.e., horizontal). 
Beam 36 passes through polarized beam combiner 
26 without any effect on its polarization and ori- 
entation. Beam 36 passes through quarterwave 
plate 30 and becomes beam 40 having a second 
(i.e., right) circular polarization. Beams 32 and 40 
of first and second circular polarizations, respec- 
tively, present the left and right images. Light 
beams 32 and 40 are conveyed by relay lens 42 
onto a Fresnel field lens 44 for presenting stereo- 
scopic virtual images, or to a non-depolarizing 
screen 46 for projection of the images to the view- 
er. The viewer or observer looks at the presented 
images through eye glasses having lenses 48 and 
50. Lens 48 has a first circular polarization which 
permits light beam 32 to pass through lens 48 to 



the viewer's left eye and blocks light beam 40 of 
the second circular polarization. On the other hand, 
lens 50 is of a second polarization and permits the 
passing of light beam 40 of the second polarization 
5 and blocks light of beam 32 having a first circular 
polarization. 

Thus, the observer looking through the glasses 
can view color stereoscopic images. 

Figure 2 shows another embodiment 60 of the 
io present invention. The difference from embodiment 
10 is that half-wave plate 38 is absent. To avoid 
use of plato 38, right imago matrix display 14 is 
constructed to havo its linear polarization rotated 
90 degrees. Then the light from display 14 has the 
15 same linear polarization as beam 36. 

Half-wave plate 38 may be positioned in front 
of left display 12 if display is reconstructed to have 
its linear polarization rotated 90 degrees like that of 
display 14 in Figure 2. Or, as long as light beams 
20 24 and 26 have different polarizations, the kind of 
polarization is immaterial as long as the polarized 
beam combiner is designed to be tuned to the 
particular polarization of the light beam desired to 
be reflected. 

25 

Claims 

1. A stereoscopic display system comprising: 

a) first display means (14) for emanating a 
30 first light beam (34) having a first linear 

polarization; 

b) first polarization transformation means 
(38), proximate to said first display means 
(14) for transforming the first light beam (34) 

35 into a second light beam (36) having a 

second linear polarization; 

c) second display means (12) for emanating 
a third light beam (24) having the first linear 
polarization; 

40 d) polarized beam combining means (26) 

for passing the second light beam (36) hav- 
ing the second linear polarization and re- 
flecting the third light beam (24) having the 
first linear polarization thereby resulting in 

45 the combining of the second and third 

beams together in approximately the same 
direction; and 

e) second polarization transformation means 
(30) for transforming the third beam (24, 28) 

so having the first linear polarization into a 

fourth beam (32) having a first circular po- 
larization and transforming the second 
beam (36) having the second linear po- 
larization into a fifth beam (40) having a 

55 second circular polarization (Fig. 1). 

2. A stereoscopic display system comprising: 

a) a first display (14) for emanating a first 
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light beam (36) having a first linear polariza- 
tion; 

b) a second display (12) for emanating a 
second light beam (24) having a second 
linear polarization; 5 

c) a polarized beam combining plate (26) 
for passing the first light beam (36) having 
the first linear polarization and reflecting the 
second light beam (24) having the second 
linear polarization thereby resulting in the 10 
combining of the first (36) and second (24, 

28) beams together in approximately the 
same direction; and polarization transforma- 
tion means (30) for transforming the first 
beam having the first linear polarization into 15 
a third beam (40) having a first circular 
polarization and transforming the second 
beam (24, 28) having the second linear po- 
larization into a fourth beam (32) having a 
second circular polarization (Fig. 2). 20 

3. The system of claim 1, characterized in that 
the first polarization transformation means (38) 
is a half-wave plate. 

25 

4. The system according to claim 1 or 3, char- 
acterized in that the second polarization 
transformation means (30) is a quarter-wave 
plate. 

30 

5. The system of claim 2, characterized fn that 

the polarization transformation means (30) is a 
quarter-wave plate. 



6. The system according to one of the preceding 35 
claims, characterized in that the display 
means (14, 12) Is a matrix display. 



7. The system of claim 1, characterized by cir- 
cularly polarized glasses (48, 50) having a first 40 
and a second circular polarization, respective- 
ly, for observing the fourth (32) and fifth (40) 
beams, respectively. 

8. The system of claim 2, characterized by cir- 45 
cularly polarized glasses (48, 50) having a first 

and a second circular polarization, respective- 
ly, for observing the third (40) and fourth (32) 
beams, respectively. 

50 
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